Resolved conformational states of spin-labeled Ca-ATPase during the enzymatic cycle.
We have used frequency- and time-resolved electron paramagnetic resonance (EPR) to study the effects of substrate on the nanosecond conformational dynamics of the Ca-ATPase of sarcoplasmic reticulum, as detected by an iodoacetamide spin label (IASL) attached covalently to the enzyme. We confirm previous results [Coan, C. (1983) Biochemistry 22, 5826] showing that this probe is less rotationally mobile following the addition of nucleotides (ADP, AMPPNP, ATP) and that the shape of the spectrum suggests the presence of two components. We used two approaches to enhance EPR resolution in order to resolve the spectral components and their corresponding conformational states. First, to improve resolution in the frequency (spectral) domain, we used perdeuterated IASL, which results in narrower line widths. Digital spectral analysis resolves the EPR spectrum into two components, one that is indistinguishable from the spectrum observed in the absence of ligands and another that indicates more restricted probe motions, suggesting a distinct conformation of the labeled protein. Additions of substrate ligands appear to change only the mole fractions of the two components. The mole fraction of the restricted component (fR) was 0 in the absence of ligands, but increased to about 0.5 in the presence of saturating concentrations of AMPPNP and Ca2+. In general, ATP and its analogs increase fR, with larger effects observed in the presence of Ca. However, calcium has no effect by itself (fR = 0). Both monovanadate and decavanadate increase fR, but the formation of a covalent phosphoenzyme from inorganic phosphate (E2-P) had no effect (fR = 0).(ABSTRACT TRUNCATED AT 250 WORDS)